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A METHOD AND STRUCTURE FOR SUPPORTING DATA STREAMING BY 
A SCSI INITIATOR DURING THE DATA IN PHASE OF THE 
PACKET I ZED SCSI PROTOCOL 

5 

B. Arlen Young 
BACKGROUND OF THE INVENTION 

10 

Field of the Invention 

The present invention relates generally to data 
transfers over an I/O bus, and more particularly, to 
Packetized SCSI Protocol Data transfers. 

15 

Description of Related Art 

Prior to the Packetized SCSI Protocol, the SCSI 
Protocol utilized the well-known SCSI bus phases, 
Message Out, Message In, Command, Data Out, Data In, 

2 0 and Status to exchange information and data between a 
SCSI initiator and a SCSI target over a SCSI bus. 
Performance improvements throughout the revisions of 
the SCSI Protocol have been primarily in the data 
phases. Consequently, information can be transferred 

25 between the SCSI initiator and the SCSI target at a 

very much higher rate in the data phases than in any of 
the other SCSI phases. 

To capitalize on the higher data throughput during 
the SCSI data phases, the Packetized SCSI Protocol 

30 specifies that all information exchanged between a SCSI 
initiator and a SCSI target is done via packets, called 
information units (IU) , in either the Data In or the 
Data Out phases exclusively. Originally, each data 
packet, referred to herein as a data packet information 

35 unit, was immediately preceded by a header packet, 
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referred to herein as a header packet information unit. 
The header packet information unit contained 
information about the immediately following data packet 
information unit, such as the length of the data packet 
5 information unit. 

According to the Packetized SCSI Protocol, data 
transfers from a SCSI initiator, sometimes referred to 
as initiator, to a SCSI target, sometimes referred to 
as target, were initiated by the target transferring a 

10 header packet information unit to the initiator via the 
Data In phase. The header packet information unit was 
basically a request by the target for the initiator to 
fetch data from the host for transfer to the target. 
After sending the header packet information unit, the 

15 target switched the SCSI bus phase to Data Out and 
awaited the data. 

Data transfers from the target to the initiator 
were also initiated by the target transferring a header 
packet information unit to the initiator via the Data 

2 0 In phase. This header packet information unit 

basically was a request by the target for the initiator 
to prepare the initiator's data path for transfer of 
data from the target to the host system. After sending 
the header packet information unit, the target remained 

2 5 in the SCSI bus phase Data In and immediately after 

sending the header packet information unit could start 
transferring data to the initiator. 

The target sometimes broke a data transfer up into 
multiple data packet information units, for example, to 

30 facilitate target buffer management. For example, at 
the beginning of a 16 Kbytes data transfer from the 
initiator to the target, the target may have had only 4 
Kbytes of buffer space available to receive data. In 
this case, the target first transferred a header packet 

35 information unit in the Data In phase that specified a 
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data packet information unit length of 4 Kbytes, and 
then changed the SCSI bus phase to Data Out to receive 
the 4 Kbytes of data from the initiator. 

During the transfer of the data packet information 
5 unit, the target may have realized that another 4 

Kbytes of buffer space had become available to receive 
data. At the end of the first 4 Kbytes data packet 
information unit, the target changed the SCSI bus phase 
back to Data In, and sent the initiator another header 
10 information packet unit requesting another 4 Kbytes of 
data, and then changed the SCSI bus phase back to Data 
Out to receive more data. 

Similarly, a target could break data transfers 
from the target to the initiator up into multiple data 
15 packet information units with each data packet 
information unit preceded by a header packet 
information unit. In this case, the target kept the 
SCSI bus phase in Data In throughout the transfers. 
The transfer of each header packet information 
20 unit is purely administrative overhead, and so consumes 
SCSI bus bandwidth. Likewise, switches between the 
Data In and Data Out SCSI bus phases are very costly in 
time. Since performance could be significantly 
improved by reducing the number of header packet 
25 information units and the number of SCSI bus phase 

changes, the Packetized SCSI Protocol incorporated data 
streaming . 

Data streaming in the Packetized SCSI Protocol is 
representing multiple data packet information units 
30 using a single header packet information unit. 

Unfortunately, this data streaming is applicable only 
for data transfers from the initiator to the target. 
As described above, without streaming, the initiator 
always expected the target to change the SCSI bus phase 
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to Data In after receiving a data packet information 
unit in the Data Out phase . 

With data streaming, a target signals a data 
streaming request by remaining in the Data Out phase 
5 after receiving a data packet information unit. This 
signal tells the initiator to reuse the header packet 
information unit previously received from the initiator 
to transfer another data packet information unit to the 
target. This data- streaming scheme eliminated transfer 

10 of header packet information units between data packet 
information units in some situations, and also 
eliminated the associated SCSI bus phase changes from 
Data Out to Data In and back to Data Out for transfers 
from the initiator to the target. 

15 According to the Packetized SCSI Protocol, there 

is no data streaming for data transfers from the target 
to the initiator. While several schemes have been 
proposed for streaming in this direction, all had poor 
performance and so were not adopted. 

2 0 While the Packetized SCSI Protocol data streaming 

does reduce overhead for transfers in one direction, 
the data streaming does not provide the initiator any 
information that helps in prefetching data from the 
host. To maximize performance, the initiator must 

2 5 always have data in its data path. If the initiator 

waited for a request for data from a target before 
requesting data from the host, a very large delay would 
be incurred on the SCSI bus. To eliminate this delay, 
the initiator assumed data streaming to the target. 

3 0 Although the initiator anticipated the end of a 

data packet information unit based upon the length, the 
initiator prefetched additional data from the host to 
be ready in the event that the target signaled a 
request for another data packet information unit. If 
3 5 the target failed to signal such a request, the 
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prefetched data was wasted, and would have to be 
fetched again. Consequently, the host bus utilization 
was affected by the wasted prefetching and ref etching. 
Thus, while data streaming did eliminate some SCSI bus 
5 overhead, it did not address optimizing system 
performance including host bus utilization. 

SUMMARY OF THE INVENTION 

According to the principles of this invention, the 

10 Packetized SCSI Protocol is extended to facilitate bi- 
directional data streaming, e.g., streaming from an 
initiator to a target, and streaming from a target to 
an initiator, while facilitating improved host 
input/output (I/O) bus and initiator utilization. In 

15 one embodiment of the invention, a method for a SCSI 
target to support data streaming during the Data In 
Phase of the Packetized SCSI Protocol transmits a data 
packet information unit in the Packetized SCSI Protocol 
Data In phase. The SCSI target also generates a signal 

20 during the Packetized SCSI Protocol Data In phase to 
indicate whether a header packet information unit or 
another data packet information unit is to be 
transmitted next in the Packetized SCSI Protocol Data 
In phase. Generating the signal comprises either 

2 5 holding the signal in a first state or asserting a 

signal so that the signal goes to a second state 
different from the first state. 

In one embodiment, the SCSI target device 
generates the signal by driving a signal for a parity 

3 0 signal line of a SCSI bus. In this embodiment, the 

SCSI target device asserts the signal to indicate the 
header packet information unit is to be transmitted 
next in the Packetized SCSI Protocol Data In phase. 

Hence, with this method, the SCSI target device 
35 transmits a header packet information unit in the 
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Packetized SCSI Protocol Data In phase, and then 
transmits a plurality of data packet information units, 
one immediately after another in the Packetized SCSI 
Protocol Data In phase. The SCSI target device asserts 
5 a signal for a SCSI bus line during the Packetized SCSI 
Protocol Data In phase to indicate transmission of 
another header packet information unit in the 
Packetized SCSI Protocol Data In phase. Hence, the 
SCSI target device supports data streaming in the Data 
10 In phase of the Packetized SCSI Protocol. 

Hence, in this embodiment of the invention, a SCSI 
target device includes a target read streaming module 
configured to perform a method comprising: 

transmitting a data packet information unit 
15 in a Packetized SCSI Protocol Data In phase; and 

generating a signal during the Packetized 
SCSI Protocol Data In phase to indicate whether a 
header packet information unit or another data 
packet information unit is to be transmitted next 
20 in the Packetized SCSI Protocol Data In phase. 

In another embodiment, the SCSI target device 
includes a target read streaming module configured to 
perform a method comprising: 

entering a Packetized SCSI Protocol Data In 
25 phase; 

transmitting a header packet information unit 
in the Packetized SCSI Protocol Data In phase; 

transmitting a data packet information unit 
in the Packetized SCSI Protocol Data In phase; 
30 determining whether to transmit another 

header packet information unit in the Packetized 
SCSI Protocol Data In phase; and 

asserting a signal for a SCSI bus line, 
during the Packetized SCSI Protocol Data In phase, 
3 5 to indicate transmission of another header packet 
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information unit in the Packetized SCSI Protocol 
Data In phase upon determining to transmit another 
header packet information unit. 
Still another feature of this invention is a 
5 method and structure for supporting data streaming by a 
SCSI initiator during the Data In phase of the 
Packetized SCSI Protocol. In one embodiment of this 
method, the SCSI initiator receives a data packet 
information unit in the Packetized SCSI Protocol Data 

10 In phase. The SCSI initiator also receives a signal in 
the Packetized SCSI Protocol Data In phase to indicate 
whether a header packet information unit or another 
data packet information unit is to be received next in 
the Packetized SCSI Protocol Data In phase. 

15 In one embodiment, the SCSI initiator receives the 

signal from a parity signal line of a SCSI bus. The 
SCSI initiator interprets an asserted signal to 
indicate the header packet information unit is to be 
received next in the Packetized SCSI Protocol Data In 

2 0 phase in this embodiment. 

Hence, with this method, the SCSI initiator 
receives a header packet information unit in the 
Packetized SCSI Protocol Data In phase, and then 
receives a plurality of data packet information units, 

25 one immediately after another. The SCSI initiator 

determines whether a signal on a SCSI bus line has been 
asserted during the Packetized SCSI Protocol Data In 
phase to indicate transmission of another header packet 
information unit in the Packetized SCSI Protocol Data 

30 In phase following transmission of the plurality of 
data packet information units. The SCSI initiator 
receives the another header packet information unit in 
the Packetized SCSI Protocol Data In phase upon 
determining the signal has been asserted. Thus, the 



AsFiled 
ADPT1055 



SCSI initiator supports data streaming in the 

Packetized SCSI Protocol Data In 

Hence, in this feature of the invention, a SCSI 

initiator device includes an initiator read streaming 

module configured to perform a method comprising: 

receiving a data packet information unit in a 
Packetized SCSI Protocol Data In phase; 

receiving a signal by the SCSI initiator in 
the Packetized SCSI Protocol Data In phase to 
indicate whether a header packet information unit 
or another data packet information unit is to be 
received next in the Packetized SCSI Protocol Data 
In phase; and 

interpreting an asserted signal to indicate 
the header packet information unit is to be 
received next in the Packetized SCSI Protocol Data 
In phase . 

Still another feature of this invention includes a 
method and system for data streaming during the Data In 
Phase of the Packetized SCSI Protocol. According to 
one embodiment of this method a data packet information 
unit is transferred in a Packetized SCSI Protocol Data 
In phase between a SCSI target and a SCSI initiator 
over a SCSI bus. Also, a signal is generated on the 
SCSI bus by the SCSI target in the Packetized SCSI 
Protocol Data In phase to indicate whether a header 
packet information unit or another data packet 
information unit is to be transmitted next in the 
Packetized SCSI Protocol Data In phase to the SCSI 
initiator . 

Hence, with this system, a header packet 
information unit is transferred from the SCSI target to 
the SCSI initiator in the Packetized SCSI Protocol Data 
In phase and then a plurality of data packet 
information units are transferred, one immediately 
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after another, from the SCSI target to the SCSI 
initiator in the Packetized SCSI Protocol Data In 
phase. A signal is generated on a SCSI bus line by the 
SCSI target during the Packetized SCSI Protocol Data In 
phase to indicate transmission of another header packet 
information unit in the Packetized SCSI Protocol Data 
IN phase to the SCSI initiator. Hence, this system 
performs data streaming. 

With this feature of the invention, a SCSI system 
includes a SCSI bus; a SCSI target connected to the 
SCSI bus, where the SCSI target includes a target read 
streaming module configured to perform a method 
comprising : 

transmitting a data packet information unit 
over the SCSI bus in a Packetized SCSI Protocol 
Data In phase; and 

generating a streaming signal on the SCSI bus 
during the Packetized SCSI Protocol Data In phase 
to indicate whether a header packet information 
unit or another data packet information unit is to 
be transmitted next in the Packetized SCSI 
Protocol Data In phase; and 
a SCSI initiator connected to the SCSI bus, where the 
SCSI initiator includes an initiator read streaming 
module configured to perform a method comprising: 

receiving the data packet information unit 
from the SCSI bus in a Packetized SCSI Protocol 
Data In phase by the SCSI initiator; 

receiving the streaming signal on the SCSI 
bus in the Packetized SCSI Protocol Data In phase 
indicating whether a header packet information 
unit or another data packet information unit is to 
be received next in the Packetized SCSI Protocol 
Data In phase; and 
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interpreting an asserted signal to indicate 
the header packet information unit is to be 
received next in the Packetized SCSI Protocol Data 
In phase . 

The above features of the invention facilitated 
data streaming in the Data In phase of the Packetized 
SCSI Protocol. Other features of this invention, 
enhance utilization of a SCSI initiator in the Data Out 
Phase of the Packetized SCSI protocol. One of these 
features is a method and structure for supporting flow 
control by a SCSI target during the Data Out phase of 
the Packetized SCSI Protocol. 

In one embodiment, a SCSI target receives a data 
packet information unit in a Packetized SCSI Protocol 
Data Out phase. The SCSI target generates a signal 
during the Packetized SCSI Protocol Data Out phase to 
indicate whether another data packet information unit 
is to be transmitted next in the Packetized SCSI 
Protocol Data Out phase. Generating the signal 
comprises either holding the signal in a first state or 
asserting a signal so that the signal goes to a second 
state different from the first state. 

In one embodiment, generating the signal includes 
driving a signal for a parity signal line of a SCSI 
bus. For example, the SCSI target asserts a signal to 
indicate that the another data packet information unit 
is not to be transmitted in the Packetized SCSI 
Protocol Data Out phase. Hence, with this method, the 
SCSI target enters a Packetized SCSI Protocol Data Out 
and supplies a signal on a parity bit line of a SCSI 
bus line during the SCSI Protocol Data Out phase to 
indicate whether another data packet information unit 
is to be transmitted next. 
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With this embodiment, a SCSI target device 
includes a flow control module configured to perform a 
method comprising: 

receiving a data packet information unit in a 
Packetized SCSI Protocol Data Out phase; and 

generating a signal during the Packetized 
SCSI Protocol Data Out phase to indicate whether 
another data packet information unit is to be 
transmitted next in the Packetized SCSI Protocol 
Data Out phase . 

Another feature of this portion of the invention 
is a method and structure for supporting flow control 
by a SCSI initiator during the Data Out phase of the 
Packetized SCSI protocol. In this embodiment, a SCSI 
initiator transmits a data packet information unit in a 
Packetized SCSI Protocol Data Out phase by the SCSI 
initiator. The SCSI initiator also receives a signal 
in the Packetized SCSI Protocol Data Out phase 
indicating whether another data packet information unit 
is to be transmitted next in the Packetized SCSI 
Protocol Data Out phase. 

Hence, with this method, the SCSI initiator 
transmits a plurality of data packet information units, 
one immediately after another, in the Packetized SCSI 
Protocol Data Out phase. The SCSI initiator also 
monitors a signal level on a parity line of a SCSI bus 
to determine whether the transmitting a plurality of 
data packet information units is to be terminated. 

In this embodiment, a SCSI initiator device 
includes a flow control module configured to perform a 
method comprising: 

transmitting a data packet information unit 

in a Packetized SCSI Protocol Data Out phase; 

monitoring a signal on a parity bit line of a 

SCSI bus in the Packetized SCSI Protocol Data Out 
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phase to determine whether another data packet 
information unit is to be transmitted in the 
Packetized SCSI Protocol Data Out phase; and 

interpreting an asserted signal to indicate 
the another data packet information unit is not to 
be transmitted in the Packetized SCSI Protocol 
Data Out phase. 

Still another feature of this portion of the 
invention is a method and system for flow control 
during the Data Out phase of the Packetized SCSI 
Protocol. In this method a data packet information 
unit is transferred in a Packetized SCSI Protocol Data 
Out phase between a SCSI initiator and a SCSI target 
over a SCSI bus. Also, the SCSI target generates a 
signal on the SCSI bus by the SCSI target in the 
Packetized SCSI Protocol Data Out phase to indicate 
whether another data packet information unit is to be 
accepted in the Packetized SCSI Protocol Data Out phase 
by the SCSI Target. In one embodiment, the SCSI target 
generates the signal on a parity signal line of the 
SCSI bus. 

Thus, in this embodiment, a SCSI system includes a 
SCSI bus; a SCSI target connected to the SCSI bus, the 
SCSI target comprising a target flow control module 
configured to perform a method comprising: 

receiving a data packet information unit over 
the SCSI bus in a Packetized SCSI Protocol Data 
Out phase; and 

generating a flow control signal on the SCSI 
bus during the Packetized SCSI Protocol Data Out 
phase to indicate whether another data packet 
information unit is to be transmitted next in the 
Packetized SCSI Protocol Data Out phase; and 
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a SCSI initiator connected to the SCSI bus, the SCSI 
initiator comprising an initiator flow control module 
configured to perform a method comprising: 

transmitting the data packet information unit 
from the SCSI bus in a Packetized SCSI Protocol 
Data Out phase ; 

receiving the flow control signal on the SCSI 
bus in the Packetized SCSI Protocol Data Out phase 
indicating whether another data packet information 
unit is to be transmitted next in the Packetized 
SCSI Protocol Data Out phase by the SCSI 
initiator; and 

interpreting an asserted signal to indicate 
that another data packet information unit is not 
to be transmitted in the Packetized SCSI Protocol 
Data Out phase . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram of one embodiment of the SCSI 
target, SCSI initiator, and SCSI system that supports 
flow control and data streaming according to the 
principles of this invention. 

Fig. 2A is one embodiment of a process flow 
diagram for data streaming in a Data In phase of the 
Packetized SCSI Protocol that is performed by a SCSI 
initiator, and that is implemented in a target read 
streaming module according to the principles of this 
invention . 

Fig. 2B is one embodiment of a process flow 
diagram for data streaming in a Data In phase of the 
Packetized SCSI Protocol that is performed by a SCSI 
target, and that is implemented in an initiator read 
streaming module according to the principles of this 
invention . 



AsFiled 
ADPT1055 



Fig. 3A is one embodiment of a process flow 
diagram for flow control in a Data Out phase of the 
Packetized SCSI Protocol that is performed by a SCSI 
initiator, and that is implemented in a target flow 
5 control module according to the principles of this 
invention . 

Fig. 3B is one embodiment of a process flow 
diagram for flow control in a Data Out phase of the 
Packetized SCSI Protocol that is performed by a SCSI 
10 target, and that is implemented in an initiator flow 
control module according to the principles of this 
invention . 

In the drawings and the following detailed 
description, elements with the same reference numeral 
15 are the same element. Also, the first digit of a 

reference numeral for an element indicates the first 
drawing in which that element appeared. 

DETAILED DESCRIPTION 

20 According to the principles of this invention, the 

Packetized SCSI Protocol is extended to facilitate bi- 
directional data streaming, e.g., streaming from an 
initiator to a target, and streaming from a target to 
an initiator, while facilitating improved host 

25 input/output (I/O) bus and initiator utilization. 
As explained more completely below, in a 
Packetized SCSI read data transfer, e.g., a data 
transfer from a SCSI target, e.g., SCSI target 151 or 
SCSI target 152, to a SCSI initiator 110, the SCSI 

3 0 target asserts one of an active and an inactive data 
streaming signal on a line 160 of SCSI bus 150 during 
the transfer of a data packet information unit to 
initiator 110. Consequently, when initiator 110 
receives the complete data packet information unit and 

35 the SCSI bus phase remains Data In, initiator 110 
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samples the data streaming signal on line 160 to 
determine whether the target is transmitting a new 
header packet information unit, or whether the target 
is sending another data packet information unit as 
5 specified by the previously transmitted header packet 
information unit. In either situation, initiator 110 
correctly processes the next information unit, and data 
continues to stream across SCSI bus 150 even when the 
SCSI target must send a new header packet information 
10 unit. 

Hence, according to the principles of this 
invention, upon completion of a data packet information 
unit transfer from one of SCSI targets 151 and 152, the 
phase of SCSI bus 150 is maintained in the Data In 

15 phase, and an auxiliary data streaming signal on 
line 160 in SCSI bus 150 has been initialized to 
indicate to initiator read streaming module 175 in 
initiator 110 whether the next information unit on SCSI 
bus 150 is a header packet information unit or a data 

2 0 packet information unit. In this way, initiator 110 

can distinguish between header packet information units 
and data packet information units while the SCSI bus 
phase remains unchanged. Consequently, this invention 
further extends the Packetized SCSI Protocol to include 

2 5 data streaming from a SCSI target to a SCSI initiator 

while the SCSI bus remains in the Data In phase of the 
Packetized SCSI protocol. 

In another embodiment, the data -streaming signal 
on line 160 is used to enhance flow control on host 

3 0 system I/O bus 101 and to enhance the performance of 

initiator 110 when data is being written to a SCSI 
target by SCSI initiator using the Packetized SCSI 
Protocol . 

In one embodiment, as explained more completely 
35 below, in a Packetized SCSI write data transfer, e.g., 
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a data transfer from a SCSI initiator 110 to one of 
SCSI devices 151 to 152 that is the SCSI target, the 
SCSI target asserts one of an active and an inactive 
data streaming signal on a line 160 of SCSI bus 150 
5 during the transfer of a data packet information unit 
by initiator 110, e.g., prior to the assertion of a 
request signal REQ by the target device. Consequently, 
when initiator 110 transmits a portion of the complete 
data packet information unit and the SCSI bus phase 
10 remains Data Out, initiator 110 samples the data 

streaming signal on line 16 0 to determine whether the 
target has indicated that the target is ready to 
receive another data packet information unit. 

If the target indicates that the target is ready 
15 to receive another data packet information unit, 

initiator prefetches data from host system 100 over 
host I/O bus 101. Conversely, if the target is not 
ready to receive another data packet information unit, 
e.g., the target's buffers are full, initiator 110 does 
20 not prefetch data from host system 100. Consequently, 
initiator 110 utilizes host system I/O bus 101 more 
efficiently than in the prior art because initiator 110 
only prefetches data when the data can be utilized. 
Also, initiator 110 has an advance warning that the 
25 SCSI target will not accept further data packet 

information units at this, and so can take any required 
actions more quickly. This enhances the flow control 
of initiator 110. 

Hence, according to the principles of this 
30 invention, upon completion of a portion of a data 
packet information unit transfer to one of SCSI 
devices 151 and 152 by initiator 110, the phase of SCSI 
bus 15 0 is maintained in the Data Out phase, and an 
auxiliary data streaming signal on line 16 0 in SCSI 
35 bus 150 has been initialized to indicate to 
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initiator 110 whether the SCSI target is ready to 
receive another data packet information unit . In this 
way, initiator 110 can determine whether to prefetch 
additional data from a host system, or whether to take 
5 over actions to improve the performance of 

initiator 110. Consequently, this invention further 
extends the Packetized SCSI Protocol to include better 
utilization of host I/O bus 101 and utilization of 
initiator 110 while streaming data to a SCSI target 

10 from a SCSI initiator while the SCSI bus remains in the 
Data Out phase. 

Figure 2A is a process flow diagram for one 
embodiment of the operations performed by initiator 
read streaming module 175 in SCSI initiator 110, which 

15 typically is a host adapter integrated circuit. 

Herein, only the operations in the Packetized SCSI 
Protocol needed to understand the invention are 
described. The Packetized SCSI Protocol is well known 
to those of skill in the art and is described for 

20 example in "Information Technology- SCSI Parallel 
Interf ace-3 (SPI-3) , " T10 Project 1302D, Rev. 13a, 
American National Standards Institute, New York, N.Y., 
January 12, 2000, which is incorporated herein by 
reference as an example of the level of skill in the 

2 5 art. 

Figure 2B illustrates a process flow diagram for 
the operations performed by target read streaming 
module 176 in target 151. Operations in Figure 2B that 
are complementary to operations in Figure 2A have the 

3 0 same numeric reference number and an added "A. " In 

Figures 2A and 2B, the parts of the Packetized SCSI 
Protocol necessary to configure SCSI initiator 110 and 
SCSI target 151 for a read operation have been 
performed prior to start operation 2 02 when SCSI 
3 5 target 151 enters data in operation 2 04A and changes 
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the SCSI bus phase to Data In. When the SCSI bus is in 
a particular phase, the initiator and target are also 
said to be in that particular phase. In initiator 110, 
data in operation 204 transfers to receive header IU 
5 operation 206. 

As previously described upon SCSI target 151 
configuring SCSI bus 150 for the Data In phase in data 
in operation 204A, SCSI target 151 transmits a header 
packet information unit, in transmit header IU 

10 operation 206A, to initiator 110. Consequently, in 
receive header IU operation 20 6, read streaming 
module 175 receives the header packet information unit 
and configures initiator 110 to receive a data packet 
information unit from target 151 and transfers to 

15 receive data IU operation 208. 

Again, as described above, according to the 
Packetized SCSI Protocol, after target 151 transmits 
the header packet information unit, target 151 
transmits the data packet information unit described in 

2 0 the header packet information unit in transmit data IU 
operation 2 0 8A. Hence, in receive data IU 
operation 208, initiator 110 receives the data packet 
information unit from target 151. 

If the phase of SCSI bus 150 changes before the 

2 5 complete data packet information unit is received by 

initiator 110, initiator 110 continues according to the 
Packetized SCSI Protocol. This is represented in 
Figure 2A by data in check operation 212, which 
transfers to continue operation 214 if the phase of 

30 SCSI bus 150 is other than Data In, and otherwise to 
data IU complete check operation 216. 

If initiator 110 has received a complete data 
packet information unit, check operation 216 transfers 
to stream check operation 218 and otherwise returns to 

35 data in check operation 212. Operations 212 and 216 
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are not intended to indicate that initiator 110 
continually polls the SCSI bus phase and the completion 
status of the data transfer, although this could be 
done. Rather, in this invention, two events are of 
5 interest, the phase of the SCSI bus, and the completion 
status of the data packet information unit transfer. 
When either event happens, initiator 110 takes the 
indicated action. Otherwise, initiator 110 continues 
to receive data from target 151. Operations 212 

10 and 216, thus, show the actions taken when either event 
occurs. The particular way these operations are 
implemented is not essential to this invention. 

In this embodiment, target 151 determines in 
change head IU check operation 277 (Fig. 2B) whether 

15 target 151 can use the header packet information 

previously transmitted to initiator 110, or whether 
target 151 needs to transmit a new header packet 
information unit to initiator 110 . Typically, 
target 151 transmits a new header packet information 

20 unit if the available buffer space changes so that a 

change in the size of the data packet information unit 
transmitted is changed. 

If a new header packet information unit must be 
transmitted, check operation transfers to assert 

2 5 streaming request operation 278, and otherwise to data 

IU complete check operation 216A. Again, as described 
above for initiator 110, SCSI target 151 typically does 
not continuously loop through operations 212A, 277, 
and 216A, but rather acts upon specific events. The 

3 0 comments above concerning operations 212 and 216 for 

initiator 110 are incorporated herein by reference for 
SCSI target 151. If buffer space becomes available 
before completion of transmission of the data packet 
information unit, check operation 277 is performed. 
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In one embodiment of assert streaming request 
operation 278, an active auxiliary data streaming 
signal is driven on line 160, i.e., an active signal is 
generated, to signal initiator 110 that a new header 
5 packet information unit will be sent upon completion of 
the data packet information unit transmission. 
Conversely, if the old header packet information unit 
is to be used by initiator 110, the auxiliary data- 
streaming signal on line 16 0 is held inactive by 

10 target 151 so that in either situation, target 151 

generates a signal on line 160. In this embodiment, 
line 160 is the first parity line, i.e., line P0, in 
SCSI bus 150. Line P0 is not utilized by the 
Packetized SCSI Protocol and so is available for use by 

15 this invention. 

When SCSI target 151 completes transmission of the 
data packet information unit, check operation 216A 
(Fig. 2B) transfers to streaming check operation 218A. 
If the auxiliary data streaming signal is inactive, 

2 0 check operation 216A transfers to transmit data IU 

operation 220A that in turn initiates transfer of 
another data packet information unit on SCSI bus 150. 
Conversely, if the auxiliary data-streaming signal is 
active, check operation 216A transfers to transmit 

25 header IU operation 222A that in turn initiates 

transfer of another header packet information unit on 
SCSI bus 150 and then transfers to transmit data IU 
operation 220A. 

When initiator 110 receives the complete data 

30 packet information unit, check operation 216 (Fig. 2A) 
transfers to streaming check operation 218 with the 
SCSI bus phase being the Data In phase. Initiator 110 
determines the signal level on line 160 in check 
operation 218. If the signal level indicates that 

3 5 another header packet information unit is going to be 
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transmitted by SCSI target 151, e.g., the signal level 
is active in this embodiment, check operation transfers 
to receive header IU operation 222, and otherwise to 
receive data IU operation 220. 

In receive header IU operation 222, initiator 110 
receives another header packet information unit while 
SCSI bus 150 remains in the Data In phase. Upon 
receipt of the header packet information unit, 
operation 222 transfers to operation 220, which 
configures initiator 110 to receive the data packet 
information unit for the new header packet and then 
transfers to operations 212 through 218, which are 
repeated as appropriate . 

If check operation 218 simply transfers to receive 
data IU operation 220, initiator 110 is configured to 
receive another data packet information unit that is 
defined by the header packet information unit already 
received. Operation 220 then transfers to 
operations 212 through 218, which are repeated as 
appropriate. If it is not necessary to change the 
header data packet information unit, this process 
results in a pluraltiy of data packet information units 
being transmitted one after another. 

Hence, the use of the auxiliary data streaming 
signal permits streaming during a Data In phase, e.g., 
a read operation, and more importantly permits 
streaming data packets having different characteristics 
without leaving the Data In phase. Consequently, the 
performance of the Packetized SCSI Protocol is 
significantly enhanced. 

In another embodiment of this invention, streaming 
from an initiator to a target using the Packetized SCSI 
Protocol is further enhanced by the target providing 
flow control information to the initiator, which the 
initiator in turn uses to utilize the host system I/O 
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bus more efficiently and/or to utilize resources of the 
initiator more efficiently. Figure 3A is a process 
flow diagram for one embodiment of the operations 
performed by an intitiator flow control module 185 in 
5 SCSI initiator 110, which typically is a host adapter 
integrated circuit. Figure 3B illustrates a process 
flow diagram for the operations performed by flow 
control module 186 in target 151. Operations in 
Figure 3B that are complementary to operations in 

10 Figure 3A have the same numeric reference number and an 
added "A. " Herein, only the operations in the 
Packetized SCSI Protocol needed to understand the 
invention are described. As indicated above, the 
Packetized SCSI Protocol is well known to those of 

15 skill. 

In Figures 3A and 3B, the parts of the Packetized 
SCSI Protocol necessary to configure SCSI initiator 110 
and SCSI target 151 for a write operation have been 
performed prior to start operation 3 02 when SCSI 

2 0 target 151 enters data in operation 3 04A and changes 

the SCSI bus phase to Data In. In initiator 110, data 
in operation 3 04 transfers to receive header IU 
operation 306. 

As previously described upon SCSI target 151 

25 configuring SCSI bus 150 in the Data In phase in data 
in operation 304A, SCSI target 151 transmits a header 
packet information unit, in transmit header IU 
operation 306A, to initiator 110. Upon completion of 
transmitting the header packet information unit, 

30 processing transfers to data out operation 308A in 
which the SCSI bus phase is changed to Data Out. 

In receive header IU operation 3 06, control flow 
module 185 receives the header packet information unit 
and configures initiator 110 to transmit a data packet 

3 5 information unit to target 151 and transfers to 
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transmit data IU operation 310. If the phase of SCSI 
bus 150 changes before the complete data packet 
information unit is transmitted by initiator 110, 
initiator 110 continues according to the Packetized 
5 SCSI Protocol. This is represented in Figure 3A by 
data out check operation 312, which transfers to 
continue operation 314 if the phase of SCSI bus 150 is 
other than Data Out, and otherwise to data IU complete 
check operation 316. 

10 After changing the phase of SCSI bus 150 to Data 

Out, target flow control module 186 transitions to 
receive data IU operation 310A in which target 151 is 
configured to receive the data packet information unit 
from initiator 110. After initiating receipt of the 

15 data packet information unit in receive data IU 

operation 310A, target 151 transfers to data out check 
operation 312A. 

If the phase of SCSI bus 15 0 changes before the 
complete data packet information unit is received by 

20 target 151, target 151 also continues according to the 
Packetized SCSI Protocol. This is represented in 
Figure 3B by data out check operation 312A, which 
transfers to continue operation 314A if the phase of 
SCSI bus 150 is other than Data Out, and otherwise to 

25 flow control check operation 320A. If target 151 

determines that target 151 is going to discontinue data 
streaming from initiator 110 upon receipt of the 
complete current data packet information unit, target 
flow control module 186 transfers processing to set 

3 0 flow control operation 324A, which in turn asserts an 
active flow control signal on line 160 of SCSI bus 150 
and transfers to data out check operation 312A. In 
this embodiment, line 160 also is the first parity 
line, i.e., line P0, in SCSI bus 150. 
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Conversely, if target 151 is going to continue 
data streaming from initiator after receipt of the 
current data packet information unit, flow control 
check operation transfers to data IU complete check 
5 operation 316A. In this case, the flow control signal 
on line 160 remains inactive. If target has received a 
complete data packet information unit, check 
operation 316A transfers to stream check operation 318A 
and otherwise to data out check operation 312A. 

10 Operations 312A, 320A and 316A, as presented in 

Figure 3B, are not intended to indicate that target 
continually polls the SCSI bus phase in operation 312A, 
polls to determine whether to initiate flow control in 
operation 320A, and polls the completion status of the 

15 data transfer in operation 316A, although this could be 
done. In particular, SCSI target 151 typically does 
not continuously loop through operations 312A, 32 OA, 
and 316A, but rather acts upon specific events. In 
this embodiment of the invention, three events are of 

2 0 interest, the phase of the SCSI bus, whether to assert 

the flow control signal, and the completion status of 
the data packet information unit transfer. When any 
one of these events happens, target 151 takes the 
indicated action. Otherwise, target 151 continues to 
25 receive data from initiator 110. 

Operations 312A, 320A and 316A, thus, show the 
actions taken when the described event occurs. The 
particular way these operations are implemented is not 
essential to this invention. The important aspect is 

3 0 that target 151 signals initiator 110 whether to 

prefetch data from host system 100 while receiving the 
data packet information unit. 

Returning to the operation of initiator flow 
control module 185 (Figure 3A) , after initiating 
35 transmission of the data packet information unit in 
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transmit data IU operation 310, initiator 110 transfers 
to data out check operation 312. 

If the phase of SCSI bus 15 0 changes before the 
complete data packet information unit is transmitted by 
5 initiator 110, initiator also continues according to 
the Packetized SCSI Protocol. This is represented in 
Figure 3A by data out check operation 312, which 
transfers to continue operation 314 if the phase of 
SCSI bus 150 is other than Data Out, and otherwise to 

10 flow control check operation 320. If target 151 
asserted the signal on line 160, operation 320 
transfers to data IU complete check operation 316 and 
otherwise to flow control operation 324. 

In one embodiment in flow control operation 324, 

15 initiator 110 prefetches data over I/O bus 101 from 

host system 100 so that initiator 110 can continue to 
steam data to target 151. Conversely, if target 151 
has driven an active signal on line 160, initiator 110 
does not prefetch data from host system 10 0. 

2 0 Consequently, data is prefetched only if the data can 

be streamed to the target. 

In another embodiment in flow control 
operation 324, if target 151 has driven an active 
signal on line 160, initiator 110 can prepare for the 
25 end of this data transmission and any subsequent 
action. 

For this process to completely eliminate 
unnecessary prefetching, target 151 must make the 
determination upon whether to continue data streaming 

3 0 as early as possible. For example, if the length of 

the data path through initiator 110 is one Kbyte, 
preferably, target 151 asserts the signal on line 160 
prior to initiating the sequence of request signals 
REQs on bus 150 to transfer the last one Kbyte of the 
3 5 current data packet information unit. However, even if 
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target 151 asserts the signal to indicate that data 
streaming is to be discontinued after the current data 
packet information unit sometime before receipt of the 
complete data packet information unit, initiator 100 
5 prefetches less data than in the prior art, and so this 
invention still improves host I/O bus utilization 
relative to the prior art that did not discontinue 
prefetching data until the SCSI bus phase changed from 
Data Out . 

10 The circuitry for configuring the SCSI bus phases, 

and for transmitting and receiving information unit 
according to the Packetized SCSI Protocol is similar to 
that used in the prior art, and so is not considered 
further. The control and reading of the signal level 

15 on line 160 is preferably done using a hardware 
circuit. If a target utilizes state machines to 
perform the Packetized SCSI Protocol, the state 
machines are changed to include the additional 
operations shown in the Figures to implement the 

2 0 features of this invention. The particular hardware 
circuitry used to drive and read the signal levels on 
line 160 is not essential to this invention so long as 
the circuitry provides the signal levels as described 
herein . 

25 This application is related to the following 

copending, commonly filed, and commonly assigned U.S. 
Patent Applications, each of which is incorporated 
herein by reference in its entirety: 

30 

l.U.S. Patent Application Serial No. 09/xxx,xxx, 
entitled "A METHOD AND STRUCTURE FOR SUPPORTING 
DATA STREAMING BY A SCSI TARGET DURING THE DATA IN 
PHASE OF THE PACKETIZED SCSI PROTOCOL , " of B. 
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Arlen Young filed on December xx, 2000 (Attorney- 
Docket No. ADPT1046) ; 

.U.S. Patent Application Serial No. 09/xxx,xxx, 
entitled "A METHOD AND SYSTEM FOR DATA STREAMING 
DURING THE DATA IN PHASE OF THE PACKETIZED SCSI 
PROTOCOL," of B. Arlen Young filed on December xx, 
200 0 (Attorney Docket No. ADPT1056) ; 

. U.S. Patent Application Serial No. 09/xxx,xxx, 
entitled "A METHOD AND STRUCTURE FOR SUPPORTING 
FLOW CONTROL BY A SCSI TARGET DURING THE DATA OUT 
PHASE OF THE PACKETIZED SCSI PROTOCOL," of B. 
Arlen Young filed on December xx, 2000 (Attorney 
Docket No. ADPT105 7) ; 

.U.S. Patent Application Serial No. 09/xxx,xxx, 
entitled "A METHOD AND STRUCTURE FOR SUPPORTING 
FLOW CONTROL BY A SCSI INITIATOR DURING THE DATA 
OUT PHASE OF THE PACKETIZED SCSI PROTOCOL , " of B. 
Arlen Young filed on December xx, 2000 (Attorney 
Docket No. ADPT1058) ; and 

. U.S. Patent Application Serial No. 09/xxx,xxx, 
entitled "A METHOD AND SYSTEM FOR FLOW CONTROL 
DURING THE DATA OUT PHASE OF THE PACKETIZED SCSI 
PROTOCOL," of B. Arlen Young filed on December xx, 
2000 (Attorney Docket No. ADPT1059) . 



